Block copolymers were synthesized from amine-terminated polytetramethylene oxide (PMTO) (Mw 800 and 1130) and polyamide 4,6 salt. First prepolymers were prepared at 200-210°C in the presence of a solvent (pyrrolidone). The prepolymers were postcondensed at 255°C (where possible in the solid state) to a high molecular weight. In the materials the endgroups were analysed, and the inherent viscosities and ethanol extraction values measured. The thermal properties were determined with d.s.c, and d.m.a. With ethanol, polyether could be extracted. Thus it seems that not all the polyether is present as part of the block copolymer. Melt phasing seems to have taken place and occurs even more with the higher molecular weight PTMO. With d.m.a, two glass transitions were observed; one of the polyether phase and one of the polyamide-rich phase. The melting temperatures of these polyamide 4,6 block copolymers are high (200-270°C), and the torsion modulus remained fairly constant up to these high melting temperatures. 
INTRODUCTION
Segmented block copolymers are multi-block copolymers which can be represented by the generalized formula (-A-B-),. These materials are of interest as thermoplastic elastomers if they are built up out of soft segments and hard segments. The soft segments have a low glass transition temperature; for these are often chosen the polyethers polypropylene oxide (PPOx), polytetramethylene oxide (PTMO) and aliphatic polyesters.
The hard segments are units which can crystallize and have a high melting temperature. For the hard segments the polyurethanes, polyesters and polyamides (PA) have been of most interest. These materials have been excellently reviewed 1-7.
Of these copolymers the polyether-amide block copolymers combine good mechanical properties with a good performance at low temperatures. These systems phase separate easily which means that at least a three phase structure is formed: the amorphous soft polyetherrich, the amorphous polyamide-rich and the crystalline polyamide phase. If the polyether sometimes crystallizes like PTMO then four phases are present 8-1°. Due to the separation of the amorphous phases the composition of the phases remains fairly constant but the amounts vary and the polyether-rich soft phase keeps its low T~ over a wide range of concentrations. The hard polyamide phase contains little polyether so that the melting temperature and the high crystallization rate are better maintained.
The maximum use temperature of these systems is limited by the melting temperature. A high melting polyamide would have distinct advantages. There are several methods of synthesizing these polyether-amide block copolymers, resulting in amide, urethane, urea or ester linkages between the ether and amide segments s.
We studied the solution polymerization of amine terminated PTMO (M, 800 and 1130) with nylon 46. 
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Nylon 46 is a high melting and fast crystallizing polymer with excellent mechanical properties, particularly at high temperatures, excellent solvent resistance and good processability 11 due to its structural regularity and its high amide content.
EXPERIMENTAL

Materials
Nylon 46 salt (pH 7.8) was prepared from adipic acid (Merck) and tetramethylene diamine (TMDA) (Merck) as described elsewhere 11. PTMO amine terminated (BASF) bis-(3-aminopropyl)-polytetramethylene oxide molecular weights 1130 and 800, adipic acid (Merck) and pyrrolidone (Merck) were used as obtained.
Prepolymerization (50/50 composition): a 1.41 stainless steel Juvo autoclave, type 142, equipped with mechanical stirrer was charged with nylon 46, salt (266 g), PTMO (250g), adipic acid (32.4g) and 550cm 3 pyrrolidone. After flushing the reactor with nitrogen a nitrogen starting pressure of 5 bar was used. The reactor with contents was warmed up in 30 min to 200-210°C and kept at that temperature for 30 min after which it was cooled and the pressure released. To remove the solvent the thick suspension was washed with water and dried.
Post condensation: the prepolymers were postcondensed in the solid state in a rotating glass reactor in an oven at 250-260°C in a stream of nitrogen for several hours.
Characterization
Viscometry. The /~inh were determined on 1% solutions at 25°C with an Ubbelohde viscometer.
End group analysis. The amine end groups were determined potentiometrically on 100-150 mg samples in 35 cm 3 85% phenol with 0.1 M trifluormethane sulphonic acid in tert.butanol. The acid end groups were determined potentiometrically on 100-150 mg samples in 3 g o-cresol and 35 cm 3 benzyl alcohol with 0.1 M KOH in tert.butanol.
Ethanol extractions. The ethanol extraction content
was determined on fine powder with a Soxhlet apparatus with ethanol refluxing for 16 h.
Element analysis. The nitrogen content was determined on dried sample by element analysis.
D.s.c. analysis. The heats of fusion and the melting
and crystallization temperatures were determined with a Perkin Elmer DSC-4 with a heating and cooling rate of 20°C min-t. The peak maximum at the second warming up cycle was taken as the melting temperature. The heats of fusion were calculated on the polyamide fraction.
Dynamic mechanical analysis. With a Myrenne
(ATM3) torsion pendulum instrument the torsion moduli G' and G" were analysed at a constant frequency of 1 Hz and a heating rate of 1 °C min-1. The G"a~ is taken as T,.
RESULTS AND DISCUSSION
Synthesis
The nylon 46-PTMO segmented block copolymers were prepared from nylon 46 salt and amine terminated PTMO1130 and PTMOsoo. The amine and acid groups in the reaction system were balanced by adding adipic acid. The copolymers were synthesized by a two step method, a prepolymerization with a solvent and a postcondensation in the solid state. The prepolymer was prepared at 200-210°C, in presence of the solvent pyrrolidone. The reaction mass was washed with water and dried. The post-condensation was carried out at atmospheric pressure in a nitrogen atmosphere, for several hours at 255°C. The influence of post condensation time was studied (Table I ).
The prepolymer (post-condensation time 0 h) has a slight excess of amine groups. After condensing the end group concentrations decreased and the r/i,h increased. In this way high molecular weight copolymers can be obtained.
A difficulty with the block copolymerization is the possible melt phase separation. To suppress this phase separation the prepolymerization was carried out in the presence of a solvent (pyrrolidone). To quantify the melt phase separation the polymers were extracted with ethanol. As can be seen from Table I the ethanol extraction content in the system with PTMO1130 and a Segmented block copolymers: R. J. Gaymans et al. PA content of 48% was about 30%. This is high. We analysed the polymer, the extracted polymer and the extract for their nitrogen content ( Table 2 ).
The ethanol soluble extract had a nitrogen concentration, which corresponds to either the amine terminated PTMO or the PTMO-adipic acid polymer. The extract was rubbery and could be moulded. It thus seems to be the PTMO-adipic acid polymer.
The PA concentration in the extracted polymer is 66%. This is in agreement with what would be expected. Thus it seems that not withstanding the presence of the pyrrolidone during the prepolymerization, phase separation has taken place and part of the PTMO is not built into the block copolymer.
The ethanol extraction content was also studied as function of the overall composition ( Figure I ). From nylon 46 only 1% could be extracted, but the PTMO-adipic acid polymer was completely soluble.
Lower extraction values could be obtained if the PTMOso o was used instead of PTMO 1130 (Figure 1 ). The 50/50 sample had now an extractable content of only 5% and the PTMO-adipic acid polymer was completely soluble. This also suggests that what is extracted is the PTMO-adipic acid polymer which has phase separated during the prepolymerization. This phase separation can be suppressed by prepolymerization with a better solvent system and/or by lowering the molecular weight of the PTMO. The torsion moduli of wetted samples (PMTO113o.
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46% PA) are given in Figure 4 . As expected the glass transition of the PA rich phase is lowered to below room temperature while the transition temperature of the PTMO-phase is unaffected. If nylon 46-PTMO is compared with a nylon 6 based segmented block copolymer ( Figure 5 ) it can be seen that the PTMO polymers have a shear modulus (G') which is less sensitive to the temperature and melt at a higher temperature above room temperature. 
Properties
The melting temperatures of the block copolymers decrease gradually with the lowering of the polyamide content. This is marked for the 25% polyamide system (Tables 3 and 4 ). The lowering of the melting temperature of block copolymers has been explained as a decrease in lamellar thickness as a consequence of a decrease in polyamide block length 6'9.
For these multi-phase systems it is difficult to determine the polyamide block length and whether this is the sole cause for the lowering of the melting temperature. The temperature difference between the melting and crystallization temperature is similar to the low amide samples which are all in the order of 34-37°C (T a-To), which means that they all crystallize nearly as fast from the melt as nylon 46. As expected, the 48% PA sample injection moulded well.
There is little decrease in the heat of fusion calculated on the polyamide phase in the high amide content samples. The decrease is greater with the lower amide concentrations and was absent in the PTMO-adipic acid polymer. The order in the polyamide phase is unaffected by the block length unless the block length becomes very small, in agreement with the results of Goldbach 9 .
The results of the dynamic mechanical analysis of the samples are given in Figures 2 and 3 . With both the block copolymers with PTMO113o and PTMO8o o two glass transitions are observed. One is at -70°C for the polyether blocks and is independent on composition and block length. The second transition is at 80-50°C for the PA blocks which decreases with increasing polyether content. Here too the polyether block length seems to have little effect. Even in an extracted sample these two glass transitions are present. This suggests that there is a PTMO amorphous phase, a PA-rich amorphous phase and a PA crystalline phase next to an extractable PTMO-adipic acid phase. On top of that the PTMO 1 ~ 30 has a broadening at the high temperature side of its glass transition suggesting crystallization of the PTMO. The rubber plateau reaches up to the melting temperature of the block copolymer.
CONCLUSIONS
Nylon 46-PTMO segmented block copolymers can be synthesized to a high molecular weight by a two-step process; a solution prepolymerization at 2000210 ° in an autoclave and a post-condensation in the solid state. Although the prepolymerization was carried out with a solvent for the starting materials, a considerable amount of nylon-free-PTMO (ethanol extractable) was present. This suggests that during the prepolymerization the reaction mixture was already phase separated. This phase separation was less at the higher amide concentrations and with the lower molecular weight PTMO. The order and melting temperature of the polyamide phase of the 66% PA samples is somewhat lower than those of the neat nylon and they decrease at lower amide concentrations. 
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The DMA-results show that the shear modulus is fairly constant over a wide temperature range and that the value is dependent in the composition. Water seems to have only a small effect on the properties. The torsion properSegmented block copolymers." R. J. Gaymans et al. 
